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Abstract: Saturated density, a key thermophysical property of fluids at vapor-liquid equilibrium, is widely used in
power cycles and chemical processes. However, experimental data of saturated density are often scarce and
scattered; consequently, developing a correlation equation that accurately reproduces existing measurements while
providing reliable extrapolation is essential. In this work, based on the thermodynamic similarity between saturated
density and saturated vapor pressure, the previously proposed three—parameter saturated vapor pressure equation is
extended to saturated density. The functional form is preserved, ensuring positive density and correct limiting
behavior toward the critical point and triple point. Using thirty—two substances that possess abundant experimental
data, the new equation is compared with the Zhang equation and Wagner equation. The results demonstrate that,

with respect to correlation, the deviations of the new equation are of the same magnitude as those of the Zhang
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equation and Wagner equation and lie within the reported experimental uncertainties. In terms of extrapolation, the

new equation is superior to or equivalent to the Zhang equation and Wagner equation, exhibiting a more stable and

accurate extrapolation trend. Further improvement in the stability and accuracy of the extrapolation trend can be

achieved by fixing some parameters of the new equation during extrapolation fitting.
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Fig.2 The fitting of nitrogen experimental data by Eq. (10) and Eq. (11)
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Table 2 The critical temperature (7,), critical density (p,) and information on experimental data (number (N), reduced
temperature (7,.) range, reduced density (p/ or p”) range and average uncertainty of reduced density u, (p/ or p”)) of the

studied substance

! "

1 . p! o’
o TR o) TR i we) N TG P u, (o)
55 (Neon) 44.4 486.31 36 0.555~1.0 0.39~0.984  0.062 51 0.567~1.0 0.011~0.884 0.015
5 (Argon) 150.687  535.60 234  0.557~1.0 0.377~0.999 0.108 100 0.557~1.0 0.008~0.99 0.056
5 (Krypton ) 209.48 909.21 75 0.553~1.0 0.371~0.947 0.016 17 0.601~0.999  0.015~0.888 0.001
i (Xenon) 289.733  1102.86 94 0.557~1.0 0.37~0.998  0.005 43 0.712~1.0 0.053~0.99 0.048
45t (Methane ) 190.564 162.66 348  0.466~1.0 0.358~0.939 0.006 102 0.478~1.0 0.002~0.955 0.001
%< (Oxygen) 154.581 436.14 317  0.352~1.0 0.333~0.945 0.059 194 0.352~1.0 0.0~0.945 0.015
A A (Nitrogen) 126.192 31330 270  0.496~1.0 0.359~0.898 0.019 56 0.513~1.0 0.003~0.888 0.001
— bRk 132.86 303.91 57 0.513~0.995 0.359~0.72  0.003 56 0.513~0.998  0.003~0.837 0.001
(Carbon monoxide )
2% (Ethene) 282.35 21424 221 0.368~1.0  0.327~0.916 0.010 81 0.561~1.0 0.005~0.928 0.003
i (Ethylene) 282.35 21424 221  0.368~1.0 0.327~0.916 0.010 81 0.561~1.0 0.005~0.928 0.003
%5t (Ethane ) 305.322 206.18 437  0.291~1.0 0.316~0.993 0.058 126 0.605~1.0 0.01~0.965 0.007
P94 (Propylene ) 364.211 229.63 135 0.256~1.0 0.302~0.849 0.038 50 0.632~1.0 0.012~0.839 0.001
¢ (Propane) 369.89 220.48 385 0.234~1.0 0.301~0.984 0.010 99 0.622~1.0 0.01~0.9 0.003
5 T ¢ (Isobutane ) 407.81 22550 262 0.282~1.0 0.305~0.983 0.012 53 0.638~1.0 0.012~1.0 0.011
X HE (Neopentane ) 433.74 235.93 94 0.592~0.999 0.374~0.851 0.037 44 0.791~0.999  0.074~0.795 0.001
IE T %E(n—Butane) 425.125  228.00 359  0.209~1.0 0.293~0.887 0.005 125 0.317~1.0 0.0~0.874 0.001
“K (Benzene ) 562.02 304.71 548 0.486~0.999 0.338~0.911 0.042 140 0.513~0.999 0.001~0.88 0.007
IS IRALR 318.7232  742.30 64 0.703~1.0  0.403~0.988 0.003 56 0.703~1.0 0.027~1.0 0.001

(Sulfur hexafluoride )
44k (Carbon dioxide)  304.1282  467.60 170 0.714~1.0  0.397~0.93  0.025 133 0.714~1.0 0.03~0.915 0.011

2,3-HIET b 5006 24129 69 0.546~0.999 0.355~0.813 0.009 55  0.645~0.999  0.011~0.767  0.003
(2,3-Dimethylbutane )
IE %4 (n—Pentane) 469.7  231.60 250 0.317~1.0 0.306~0.923 0.020 79  0.645~1.0  0.011-0.925  0.008
THAEHL(Sulfur dioxide)  430.64  517.51 66 0.518~1.0  0.332~0.872 0.006 38  0.651~0.999  0.012~0.884  0.000
=R b 299 52240 194  0417~1.0 0311~0.994 0.006 50  0.793~1.0  0.066~0.909  0.001
(Trifluoromethane)
F % (Toluene) 591.75 29199 278 0.313-0.994 0.305~0.706 0.029 39  0.504~1.0 0.0~0.92 0.002
L1-ZR 2 HE 38643 36833 129 0.406~1.0 0.31~0.985 0.015 70  0.705~1.0  0.017~0.982  0.005
(1,1-Difluoroethane )
TR B 35125 42480 184  0.395~1.0 0.299~0911 0.012 69 0.72~1.0 0.027~0.877  0.009
(Difluoromethane)
1E 2 %t (n—Hexane) 507.82  233.19 97 0.361~0.999 0.31~0.809 0.013 21  0.656~0.999  0.011~0.775  0.007
5305 (Isooctane ) 544 24216 111 0428~1.0 0.327~0.997 0.011 42  0.535~0.997  0.001~0.722  0.003
TR (Acetone) 508.1 27297 128 0.361~0.998 0.3~0.834 0.049 30  0.537~0.997 0.001~0.741  0.010
IE B45E (n—Heptane ) 5402 23347 195 0.342~1.0 0.302~0.949 0.018 52 0.635~1.0  0.006~0.994  0.014
1E2E 8¢ (n=Octane ) 568.74  232.00 124 0.427~1.0 0.312~0.999 0.011 71 0.691~1.0 0.014~0.97  0.003
H1 i (Methanol ) 51338 28150 258  0.4~0.999 0.322~0.997 0.016 45  0.581~0.999  0.001~0.976  0.007

Hcal ROROCHR T FETFEAR  exp ZOR B . U5 R BUMAL, S50 1A (158 BORE X 5 B2 108 SR S Sh e
7R e/ e e itk 1) Levenberg—Marquardt PERE ELA B GE m, JUHAE Bl SE 5 F i i, R
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Table 3 Comparison of correlation and extrapolation performance of various equations

100-0OAAD” 100-OMAD?
ERE SO A Zhang Wagner A0 iﬁ(lO)*ﬂiﬁ(ll) Zhang Wagner AOOF KO0 1\1)
A(11) (%172 250 A(11) (1#17E 2507
PR3 RN 0.86 0.80 0.93 - 8.11 8.43 8.73 -
T <T'<1 WRAA 078 0.63 0.72 - 5.63 5.08 4.99 -
[ AT AN RAITRA 11.71(30)  6.24(31)  5.34(31) 1.34(32) 29.94(27)  18.18(31)  15.48(31) 9.15(32)
T <T<0.7 WIAISAT 2.33(32)  32.24(28)  5.30(32) 1.88(32) 10.37(32)  56.84(21)  19.67(32) 7.03(32)
o) A SRS AR 3.55(32)  41.47(24)  5.46(32) 1.78(32) 15.12(32)  70.19(15)  27.52(32) 9.56(32)
J7 [] [ s A4 MASA 1.69(32) 24.2926)  3.51(32) 1.08(32) 9.33(32) 39.00(26)  16.43(32) 6.83(32)
0.8<7'<0.9
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